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ECCRINE ANHIDROSIS DUE TO GLIJTARALDEHYDE,
FORMALDEHYDE, AND IONTOPHORESIS*
BERNARD I. GORDON, M.D. AND HOWARD I. MAIBACH, M.D.
ABSTRACT
Anhidrosis produced by 5 and 10% glutaraldehyde and formaldehyde were studied
to gain insight into the anatomic site of action. Stripping the stratum corneum largely
removed the anhidrosis in 5% concentration. This suggests that the site of action in-
volved some portion of the stratum corneuin. Stripping in the 10% concentration only
partially removed the anhidrosis suggesting that a deeper site was also involved. This
superficial site of action suggests the likelihood of obtaining other aldehydes which may
be effective anhidrotics without also having significant sensitization potential.
lontophoresis with tap water using different current densities also produced a marked
anhidrosis. The lower milliamperage anhidrosis was reduced 50% by stripping, whereas
the higher milliamperage anhidrosis was only partially reduced by stripping.
lontophoresis appears to produce an epidermal injury. It is hypothesized that this
results in abnormal keratinization and plugging of sweat duct orifices. It is still to be
determined whether iontophoresis offers a practical therapeutic approach to the treat-
ment of hyperhidrosis.
Hyperhidrosis constitutes a clinical problem
for which efficient therapy is sought. To gain
insight into the mechanisms of action of anhi-
drotic agents we studied the anatomic site of
experimentally produced anhidrosis. The agents
used to create the anhidrosis consisted of
glutaraldehyde, formaldehyde, and the physical
modality of iontophoresis. This was compared
to previously reported data on aluminum
chloride and scopolamine (1).
GLTJTARALDEIIYDE AND
FORMALDEITYDE
Materials and Methods
A 5% glutaraldehyde solution was prepared
utilizing the formula described by Juhlin and
Hansson (2). They had a typographical error in
their paper which gave the wrong p11. It was cor-
rected by changing sodium bicarbonate from 16.5
to 1.65 gm. per 100 ml. of a 25% stock solution.
The 5% glutaraldehyde solution was applied
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twice daily without occlusion to 2 marked test
sites on the forearm for 4 days. The other forearm
acted as an untreated control. This was done on 8
young adult volunteers (4 men and 4 women).
The 5% formaldehyde was applied in the same
manner on 6 other people (3 men and 3 women).
On the 5th day, sweat rates were determined
with the modified Bullard sudorometer (3). This
was measured on the treated test sites and on the
control site. Each site was then challenged with
an intradermal injection of 0.1 ml. of 1:1,000
methacholine, as the sweat stimulator. The sweat
rates were recorded and the per cent of inhibition
as compared to the control site noted.
To ascertain the site of action, the test areas
and the control sites were then stripped to glisten-
ing with cellophane tape. New baseline recordings
were made to compensate for water loss. The
methacholine injections were repeated at both sites
and sweat rates determined. The same experiment
was performed using a 10% glutaraldchyde solu-
tion on 6 young women and a 10% formaldehyde
solution on 4 young men.
Results
5% Glutaraldehyde. The range of sweat in-
hibition obtained was from 52 to 57% with an
average of 68% for 8 subjects (Table I). After
stripping to glistening the range of inhibition
was between 0 to 27% with an average of 7%
for 7 subjects. One subject developed an allergic
contact dermatitis to glutaraldehyde and her
results are not included.
The anhidrosis produced by 5% glutaralde-
hyde was therefore largely removed with strip-
436
CCRINE ANRIDROSIS 437
ping, suggesting that the site of anhidrotic ac-
tion was in the stratum corneum.
5% Formaldehyde. The range of inhibition
was from 34 to 87% with an average of 65% in
6 subjects (Table I). After stripping to glisten-
ing the range of inhibition was between 0 to
10% with an average of 2% in 5 subjects. One
subject also developed an allergic contact
dermatitis to formaldehyde and these data were
not included.
The anhidrosis produced by 5% formalde-
hyde was also mostly removed by stripping.
10% Glutaraldehyde. The range of inhibition
was from 60 to 90% with 2 subjects developing
a contact dermatitis (Table II). After strip-
ping to glistening the range of inhibition was
between 0 to 81%.
The anhidrosis produced by 10% glutaralde-
hyde was only partially removed in some by
stripping, suggesting that the 10% glutaralde-
hyde had a deeper site of action.
TABLE I
Sweat response to intracutaneous methacholine (%
inhibition of test site as compared to control site)
Sex Test site Stripped site
5% Glutaraldehyde
1
2
3
4
5*
6
7
8
Average
F
F
M
M
F
F
M
F
52
.58
63
85
87
55
79
68
68.4 12.8
5
10
10
3
83
0
27
0
17.3 26.3
P <.001
5% Formaldehyde
1
2
3*
4
5
6
Average
F
M
F
M
F
F
34
69
74
83
87
43
65.0 19.8
0
10
53
0
0
0
10.5 19.4
P=<.0015
* These subjects developed allergic contact
dermatitis.
TABLE II
Sweat response to intracutaneous methacholine (%
inhibition of lest site as compared to control
site)
Sex Test site Stripped site
10% Glutaraldehyde
1*
2*
3
4
5
6
Average
F
F
F
F
F
F
75
12
90
86
65
60
64.7 25.9
64
15
81
28
0
30
36.3 27.9
P= .13
10% Formaldehyde
1
2*
3*
4*
Average
F
F
F
F
83
38
88
100
77.3 23.5
43
32
47
70
48.0 13.8
P= .11
* These
dermatitis.
subjects developed allergic contact
10% Formaldehyde. Three of the 4 subjects
developed a contact dermatitis (Table II).
The inhibition was 83% in the remaining sub-
ject and this was reduced to 43% by stripping
to glistening.
A similar study done with aluminum chlo-
ride and scopolamine (1) produced no change
in the anhidrosis after stripping to glistening.
These two chemicals produce their effect be-
low the stratum corneum.
Comment
This experiment corroborates earlier obser-
vations obtained with qualitative methods that
formaldehyde and glutaraldehyde produce sig-
nificant anhidrosis on the forearm. Sweat in-
hibition was largely removed after stripping to
glistening in the sites treated with the 5% con-
centration of both chemicals. This strongly sug-
gests that the chemicals produce anhidrosis by
altering some portion of the stratum corneum.
It does not pin point the exact site in that the
effect may be primarily on the stratum corneum
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TABLE III
Sweat response to intracutaneous methacholine (%
inhibition of test site as compared to control
site)
Subject Sex Test site Stripped sitenumber
lontophoresis with tap water (8 cm. X 5 em.
copper electrode using 34 ma cm2, 15 mios.
daily X 3 days; tested 2 days later)
1 M 55 1 1
2 F 73 55
3 M 24 12
4 M 59 7
5 M 41 38
Average 50.4 12.0 24.6 + 23.3
P = <.13
Jontophoresis with tap water (2 cm )< 2 cm copper
electrode using 3sj ma cm5 15 mius. daily X 3
days; tested 3 days later)
1 M 97 47
2 M 79 56
3 F 63 65
4 F 86 91
5 F 66 0
6 M 40 19
7 F 75 72
Average 72.3 + 17.0 50.0 29.0
P= <.13
portion of the eccrine unit or mainly on the
stratum corneum itself with secondary cccrine
unit involvement.
In either ease, this superficial site of action
offers promise for an anhidrotie agent in that
this obviates the requirement for percutaneous
penetration and thus decreases toxicologic po-
tential. We doubt that either chemical repre-
sents a practical anhidrotic agent. Formalde-
hyde is a well known contact sensitizer. Our
present experience and recent publication of
sensitization in nurses in England suggests that
the sensitization proclivity of glutaraldehydc
will limit its use even more than its staining
properties (4). Further clinical experience is
required to verify our early judgment in this
matter.
The physical-chemical reaction produced by
the aldehyde on the stratum comcum requires
explanation. We are presently examining a
series of aldehydes to ascertain the molecular
specificity involved and hopefully to identify
more practical anhidrotic agents. To the pres-
ent, eleven different aldehydes have been stud-
ied with no evidence of anhidrotic potential.*
It should be noted that the higher concen-
tration studied (10%) produced anhidrosis
that could not completely be ablated by strip-
ping presumably indicating a deeper site of
action. Clarification of this mechanism (and
that of aluminum) requires additional tech-
niques of identification of sweat gland function
at different levels. These data suggest that dose
response studies are required with anhidrotic
agents as with other pharmacologic agents.
IONTOPHORE5I5
It has been postulated that iontophoresis
produces a non-specific injury to the epidermis
with resultant abnormal keratinization (5).
After several days this is supposed to produce
a hyperkeratotic plug of the sweat duct
orifices, serving as a barrier to the flow of sweat
onto the surface of the skin.
The above theory was tested in the following
manner.
Method
Five normal adults (4 males and 1 female) were
studied using a 44 volt Gibson-Cooke apparatus.t
Copper electrodes measuring 8 cm. x 5 cm. and 2
cm. x 2 cm. were used. Current density applied
at the active electrode was 1/16 MA/cm2 for the
larger electrode and ½ MA/cm2 for the smaller
one. Tap water was used under the active elec-
trode and saline under the indifferent electrode.
Each site was iontophoresed for 15 minutes daily
over a 3 day period and then tested 2 days later.
The sweat stimulator was 1:1,000 methacholine
and sweat rates were recorded with the modified
Bullard sudorometer.
The stripping experiments were done in the
same manner as in the glutaraldehyde and formal-
dehyde experiments.
Results
The range of inhibition with the large elec-
trode and smaller milliamperage (MA) was
from 24 to 59% with an average of 50% for S
* Benzaldchyde, Butvraldehyde. Glyoxal, Hex-
anal, N-Ijndecyl Aldehyde, N-Decylaldehyde,
Phenylacetaldehyde, Piperonal, Terephthalalde-
hyde. Trans-Cinnamaldehyde and Vanilline.
t Farrell Instrument Co., P.O. Box 658, Grand
Island, Nebraska.
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subjects (Table I). After stripping to glisten-
ing the range of inhibition was between 7 to
55% with an average of 24% for 5 subjects.
The range of inhibition with the small elec-
trode and larger MA (½ MA/cm2) was from
40 to 97% with an average of 72% for 7 sub-
jects (Table II). After stripping to glistening
the range of inhibition was between 0 to 91%
with an average of 50% for 7subjects.
Comment
Sweat inhibition resulting from the smaller
current density was reduced about half by
stripping, suggesting that here also a partial
cause of anhidrosis was in the stratum corneum.
This supports the hypothesis that iontophoresis
produces an epidermal injury resulting in ab-
normal keratinization and plugging of the
stratum corneum portion of the sweat duct.
Sweat inhibition was only partially removed
with stripping when the MA was increased,
suggesting that the increased dosage affected a
deeper anatomic site.
The factor of prime importance in producing
anhidrosis with iontophoresis is the current
density. Increasing the milliamperage increases
the degree of anhidrosis and also the duration.
At no time were vesicles noted when the an-
hidrotic area was stimulated with methacho-
line. This differs with the work of Shelley (5)
who noted vesicles (called sweat retention
vesicles) in single treatments of the skin with
iontophoresis.
REFERENCES
1. Gordon, B. I. and Maibach, H. I.: Studies on
the mechanism of aluminum anhidrosis. J.
Invest. Derm., 60: 411, 1968.
2. Juhlin, L. and Hansson, H.: Topical glutaralde-
hyde for plantar hyperhidrosis. Arch. Derm.,
97: 327, 1968.
3. Gordon, B. I. and Maibach H. I.: Effect of
systemically administered epinephrine on
palmar sweating. Arch. Derm., 9: 192, 1965.
4. Sanderson, K. V. and Cronin, E.: Glutaralde-
hyde and contact dermatitis. Brit. Med. J.,
3: 802, 1968.
5. Shelley, W. B., Horvath, P. N., Weidmer, F. D.
and Pillsbury, D. M.: Experimental miliaria
in man, I. Production of sweat retention
anhidrosis and vesicles by means of ionto-
phoresis. J. Invest. Derm., 11: 275, 1948.6. Sato, K. and Dobson, R.: Mechanism of the
antiperspirant effect of topical glutaralde-
hyde. Arch. Derm. In press.
